Summary: The purpose of this study was to clarify the relationship myofibrils, mitochondoria and other cytoplasmic organella in the developed lingual muscle (vertical, transverse, and longitudinal) by using various microscopic levels: light, scanning electron, and transmission electron. The tongue muscles were examined in seventeen autopsy specimens: eight, 12-32 weeks gestation and ten adults (five male, five female; 54-93 years).
Human tongue acts as a special organ for reception, mastication, swallowing, making consonantal sounds. It is mainly composed of muscle fibers which have different arrangements in origin and insert (Ohgaki and Sato, 1989 ) and histochemical properties in comparison with other skeletal muscles. Furthermore the tongue has cornplexed connective tissues; collagen and elastic fibers. The human tongue occurs at an early stage of development in human fetuses (Diewert, 1983 , Kitamura, 1988 . The complex arrangement of tongue muscle fibers are found during development (Oikawa, 1973) . Strong (1956) showed the complex arrangements of tongue muscle bundles in connection to speech are found in fetuses. The developed skeletal muscle fiber types are clearly separated by enzyme activities at last stages in fetuses development (Dubowitz, 1965 (Dubowitz, , 1966 Colling-Saltin, 1978) . In general, three muscle fiber types (I, IIA, IIB) in the skeletal muscle have various redundant of enzyme activity and morphological properties.
The purpose of this study is to look at the fine structure, distribution of organella of human tongue muscle fiber during development and to clarify the relationship to other developed skeletal muscle fibers.
Materials and Methods
Seven autopsy fetuses and 10 adults specimens were selected from donations in Nippon Dental University by development tongue muscle fiber studies ( Table 1 ). The materials were cut transversely, sagittal, and frontal sections. Some blocks were fixed with 0.2 M glutaraldehyde in 2% cacodylate buffer (pH 7.2) and postfixed 1% osmic acid for 1 hour at 4°C, after washing in cacodylate buffer (pH 7.2). Some specimens were used for ultrastructure observations. These were dehydrated in ethanol and embedded in epoxy resin (Epon-812). Slivergray sections were stained with uranyl acetate and then with lead citrate. These sections were observed under a Hitachi H-700 transmission electron microscope (TEM). Some sections (ca. 1 tim) were used for a Toluidine Blue staining, observed under a light microscope. Ten micrographs (magnification x 10,000) were selected by obtaining randomly samplings of each section. The cross sectional area of myofibrils in these muscle were measured randomly at the selected locations on the photography by a photo analyzer (Pias LA 500) linked to a NEC PC-9801 VX microcomputer (Fig. 1 ). Others were etched with 8 N-HC1 for 30 minutes at 40°C (Desaki and Uehara, 1981) , dehydrated in t-buthyl alcohol, and dried by a t-buthyl alcohol freeze drying method (Inoue and Osatake, 1987) . They were coated with a 1.5-nm gold-palladium layer and observed under a Hitachi S-4300 scanning electron microscope (SEM). For a light microscopic observation and enzyme activity the blocks were fixed in 10% paraformalin Correspond to Dr . Tooru Sato, Dept. of Anatomy, School of Dentistry at Tokyo, The Nippon Dental University, 1-9-20, Fujimi , Chiyoda-ku, Tokyo, 102, Japan the muscle fiber size. Muscle fibers were scanned continuously along each line of the micrometer grid by moving the section with a mechanical stage. The cross sectional area of muscle fibers was measured at each selected location. Seven fetuses and ten adults tongue muscles were examined with same methods (Fig. 1) .
Results

A light microscopic observation
In early stage of intrinsic lingual muscle (eight weeks), the muscle fibers are developed and spread out at various directions but do not clearly the cross striations (Fig. 2a) . During aging, the quantity of collagen fibers and other connective tissue increase, and more complex arrangement in the human tongue (Fig. 2b) . For respiratory and glycolysine-associated capacities of intrinsic lingual muscles, staining reaction for the indicators is high in type I fiber of thritysecond weeks gestation and adults human lingual muscle, however, in other stages the six fetuses, intrinsic lingual muscle ranging in gestation from twelve weeks to twenty-eighth weeks, do not clearly separate the two types (I, II) of pattern differentiation. The highest percentage of type II fibers is found thrity-second weeks gestation and adults muscle fibers in lingual muscle (Fig. 2c,d ). In the dimension of intrinsic lingual muscle, the cross sectional area of muscle fibers are gradually in creased ranging in gestation from twelve weeks to thirtysecond weeks (Fig. 3 ).
The Transverse Lingualis (TL)
In twelve weeks gestation of the transverse lingualis, very small, numerous muscle fibers , forming bundles (about 11-23 um) among the vertical lingualis (VL), are found near by a collagen fibers . The moderate large nuclei is at the lateral border of each the VL (Fig. 4a ) . In the sixteen weeks stage of the TL, the number of muscle fibers is gradually increased and forms large bundles (ca . 69 itm) which are found in the VL (Fig . 4b) . The twenty weeks gestation of the TL, being large bundles (about 46 -91 tm), are packed with the muscle fibers spreading and elongated to the lateral region of the tongue (Fig. 4c) . The arrangement of the muscle fibers in the twenty-fourth weeks gestation of the TL resembles to the twenty weeks' but is increased in size from 10.2 tm to 10.8 tm. Large bundles (about 57-97 tm) are packed among the VL (Fig . 4d ). This indicated structure is found in 24-32 weeks' , and the arrangement of muscle fibers is complex and increasing in size (about 10.2-11.7 um) and numbers ( Fig. 4d-f) . In adults TL, the various size of large muscle fibers (ca. 20.2 um) are found among the VL , and arrangement pattern is constant compared with other fetuses gestation (Fig. 4g ).
The Vertical Lingualis (VL)
The twelve weeks gestation of vertical lingualis , loosen muscle fibers are found among the TL . These muscle fibers vary in size (ca. 8.9 um)and structure ( Fig. 5a ). In the sixteen weeks stage of \'L, the muscle fibers are gradually increased in size (ca . 9.3 tm) but small muscle fibers remain among large size of muscle fibers (Fig. 5b) . The twenty weeks gestation stage of the TL, muscle fibers, being large in size (ca. 10.91&m). are filled with the space among the TL (Fig. 5c ). The arrangement of the muscle fibers in the twenty-fourth stage of the VL is constant and forming large bundles. There are various size oi muscle fiber in the 24-32 weeks' (about 9.8-12.3 [Am) in the connective tissue space between bundles. Bundles of muscle fibers are filled with highly organized fibrils, as well as complex and numerous collagen fibers ( Fig. 5d-f ). In the adults VL, the various sizes of large muscle fibers (about 19.3 [Am) are found among TL and the arrangement pattern is regular compared with fetuses gestation (Fig. 5g) .
The Longitudinal Lingualis (LL)
In twelve weeks gestation of longitudinal lingualis, muscle fibers show undeveloped and no bundles but very small filament are found nearby a few collagen fibers. The number of nuclei in the LL is few among other intrinsic lingual muscle (Fig. 6a) . In sixteen weeks gestation of LL, the size (ca. 9.811m) and number of muscle fibers is gradually increased, forming bundles (about 11-46 pm) which are found in collagen fibers (Fig. 6b) . The twenty weeks' gestation stage of the LL, is large bundles in size (about 29 -114p,m), The small vessel are found nearby these bundles (Fig. 6c) . The twenty-fourth weeks' gestation of the LL is increased in size (ca. 10.8 [Am), making large bundles (about 46-86 p.m) are packed among numerous collagen fibers (Fig. 6d) . The arrangement of muscle fibers in 24-32 weeks is complex, and muscle fiber is increased in size (about 10.8-13.9 [Am) and numbers ( Fig. 6d-f) . In adults LL, the large size muscle fibers (ca. 20.4 p.m) are found among the VL, and arrangement pattern is almost constant (Fig. 6g,h ).
Scanning Electron Microscopic Observation
In the twelve weeks gestation stage of the intrinsic lingual muscle (IL) fiber is composed of collagen fibers which look like small mass. Each mass is composed of small granule protein. In this stage there is no differentiation of myofibrils and sarcoplasmic reticulum because of developed levels. A few collagen fibers are found in the endomysium of the muscle fiber. The arrangement pattern of these collagen fibers is parallel to the longitudinal of muscle fiber. The muscle fibers, packed with many and complexed collagen fibers and myofibrils, are covered by many sarcoplasmic reticulum (Fig. 7a-b) . In sixteen weeks gestation of the IL, the number of myofibrils has increased. The endomysium is composed of filaments. Collagen fibers are orientated at right angles to the longitudinal of the muscle fibers. A few of the filaments are only found in the sarcoplasmic reticulum. A large number of protein are gathering around myofibrils in the endomysium (Fig. 7c-d) . During the twenty weeks gestation of protein structures, forming around each myofibril are small bundles of filaments. The differentiations of myofibrils and sarcoplasmic reticulum are clear in this stage. The number of filaments of collagen fibers forming endomysium is increased (Fig. 7e -f ). Twenty-fourth weeks gestation, the filament of collagen fibers increased in number and covered the whole of the muscle fiber of intrinsic lingual muscle. The developed satellite cells have a few cell processes that are found at the muscle fiber and surround them. Ovals and mass sarcoplasmic reticulum are distinguished from myofilaments ( Fig. 7g-j) . In the twenty-eighth weeks' stage, the developed IL (TL and LL) are especial arranged at regularly each other. The complex and developed myofibril are covered with endomysium and each muscle fiber is separated from the collagen fibers (Fig. 7k ). In the thirty-two weeks stage, muscle fibers are clearly composed of many myofibrils and sarcoplasmic reticulum, and those regular arrangements look like the cross striations. The large size of myofibrils is composed of a few myofilaments (Fig. 71-m) . In adults, large muscle bundles are found, and many collagen fibers linked each muscle fibers. Sarcoplasmic reticulum is regularly arranged in the myofibrils. The M-line is enlarged in the H-band. Large developed satellite cells also found on the muscle fiber ( Fig. 7n-q) .
Transmission electron microscopic Observation
In twelve weeks gestation of transverse and vertical lingualis, numerous glycogen granules, a few large mitochondria and undeveloped t-system are closely to myofilaments. Cytoplasmic filaments as free filaments are observed lying scattered in randomly throughout sarcoplasm (Fig. 8a-b) .
In longitudinal lingualis, the fotin of cross-sectional myofibrils are not round, and they contain scattered microfilament. Few small mitochondria and glycogen granules are found in the sarcoplasm (Fig. 8c) .
In sixteen weeks gestation of the TL and the VL, the form of the cross-sectional myofibrils are not round, and many glycogen granules are located between each myofibril. The myofibrils do not seem to be closely packed with sarcoplasm but have increased in number, and are composed of numerous cytoplasmic filaments, glycogen granules and small round mitochondria (Fig. 8d -e) .
In the LL, the sarcoplasm contains a few glycogen granules and mitochondria between each round myofibril (Fig. 8f) .
In twenty weeks gestation of transverse and vertical lingualis, the myofibrils exhibit a wide range of diameter (about 0.55-0.64m) but the organella is similar to those of sixteen weeks stage. The myofilaments increase in number and round mitochondria is scattered in the sarcoplasm. Numerous glycogen granules are located at the mitochondria. Sarcoplasmic reticulum look like the small hollow that is found in myofibrils (Fig. 8g-h) .
In longitudinal lingulis, the myofibrils, glycogen granules and mitochondria increase in number but few myofilaments are found in sarcoplasm (Fig. 8i) .
In twenty-fourth weeks gestation of transverse and vertical lingualis, the cross sectional area resembles the twenty weeks stage. But it contrasts with the large size of myofibrils of twenty-four weeks. Large mitochondria as well as round and oval myofibrils are found in sarcoplasm. The wide space of myofibrils and a few free filaments are observed lying scattered at random (Fig. 8j-k) .
In longitudinal lingualis, round or polygonal myofibrils and a few large mitochondria are found between sarcoplasmic microfilaments (Fig. 81) .
In twenty-eighth weeks gestation of transverse and vertical lingualis, the myofibrils exhibit a small mass of microfilaments. These various size of myofibrils are packed with the space of sarcoplasm so that a narrow space is observed in this stage. A high density of glycogen granules are located and increase in number at the mitochondria (Fig. 8m-n) .
In longitudinal lingualis, the myofibrils, glycogen granules and mitochondria increase in number and size but the sarcoplasm contain a few microfilaments (Fig. 8o) .
In the thirty-second weeks gestation, a large number of very developed mitochondria, myofilaments, glycogen granules and other organelles are found in the myofibrils (Fig. 8p-r) .
In adults, the structure and contents of organella of myofibrils resembles the last fetuses stages. But a very large number of developed mitochondria, glycogen granules are also found (Fig. 8s) .
In the dimension of intrinsic lingual muscle, the cross sectional area of myofibrils are constant each muscle fibers ranging in gestation from twelve weeks to thirty-second weeks (Fig. 9 ).
Discussion
The differentiations of enzyme activities show the properties and functions of each muscle. In general, there are many methods of showing the properties: respiratory capacity, indicating a succinic dehydrogenase activity (Novikoff et al., 1961) ; contraction speed, indicating a myosin ATPase (Brooke and Kaiser, 1970) ; glycolysin-associated capacities, indicating a-glycerophosphate dehydrogenase (a-GPDH) (Pearse, 1972) or PAS staining. In this study, the lingual muscle is high in type I fibers, and type II have a moderate reaction in the twenty-eight weeks gestation. The reaction in type I of this stage is not high in comparison with that of adults. In human 20-26 weeks gestation fetuses, skeletal muscle (i.e., quadriceps, triceps and gluteus), the muscle fiber types are clearly separated into two types (I, II) (Dubowitz, 1965 (Dubowitz, , 1966 . Colling-Satin (1978) reported that fetuses' muscle fibers have a high enzyme activity, and type I is found in 21-25 weeks gestations, and then three types (I, IIA, IIB) are separated into 31-37 weeks. Fenichel (1963) exhibited the B fiber in the fetal skeletal muscles (quadriceps femoris, psoas, biceps brachii and triceps brachii). At developed gestations, the arrangements of the lingual muscle fibers in twelve weeks (Pons-Toretella, 1936) and 16 weeks (Strong, 1956 ) are similar to that of adults. The structure of lingual muscle fibers in twenty weeks gestation is undeveloped and very small, and the muscles are not clearly separated each muscle (Oikawa, 1973) . In our results, the developed muscle fibers in the TL and the VL, except for the LL, are found in twenty weeks gestation. Cross striation is found at a light microscopic level. The organelles of muscle fibers are gradually developed and they increase in number. In the LL, the developments are lower than that of other lingual muscles, and its progress is very slow at an early stage up to sixteen weeks. The size of muscle fibers, especially in the TL and the VL, vary at twenty weeks. Bell (1970) reported that the diameter of muscle fibers in adults is twice that of the neonatal stage. In this study, the diameter of the muscle fibers in each lingual muscle (VL, TL and LL) is gradually larger, however, that of the myofibrils is constant. The diameter of the myofibrils have a small range during developments. Therefore, the quantity of muscle fiber is concerned with the number of myofibrils and other organelles (i.e., glycogen, mitochondria and sarcoplasmic reticulum). These organelles gradually increased in quantity, especially glycogen, during development. In our results, glycogen granule rapidly increased in contents at twenty-eighth weeks gestation and large mitochondria appeared in this stage.
Furthermore, the sarcoplasmic reticulum was developed and exhibited as a protein of complex structures at a SEM level. These results suggested that the muscle fiber of the lingual muscle is developed in this stage.
In the ultrastructural levels, the organella, especially mitochondria and glycogen granules, change during development. In early stages of a chick embryo, glycogen granules rapidly increased when myofilaments have appeared at first, and mitochondoria were regularly arranged among the myofibrils in the somatic muscles (Dessouky and Hibbs, 1986 ). Ishikawa et al. (1968) reported that at first, myofibrils are homogeneous structures and have not crossstriations. In the present study, the cross striations are clearly distinguished in sixteen weeks gestations. The developed cross striations looks like mass of proteins of the myofilaments by my SEM obsers ations. The developed cross striation clearly appear in the twenty-eighth weeks gestation. Siro and Ikemoto (1957) reported that the A-band and I-band appear later after the Z-band formed during development in earthworm myofibrils. The mass on the myofilament is I-band or A-band in the present SEM study . Huxley and Hanson (1959) have already reported that there are different types of filaments; thin and thick; the I-band consists of only thin filaments, the Z-band of extremely fine filaments. In this study, two type of filament already appeared clearly in twelve weeks gestations by TEM observations.
In the present study, the muscle fiber developed rapidly in the middle stage, ranging from 24 to 28 weeks gestations. Many mitochondoria and glycogen granules increased and myofibrils of large size appeared in this stages. Fine cross striations appeared in these stages, despite which, developed arrangements of muscle fiber occurred at early gestation stages. Moreover, the developed muscle fibers of the VL and TL at first are developed before the developed LL occurred. These results suggest that the lingual intrinsic muscle has different properties during development, and may be concerned with the effect of the function and movements in the neonatal.
